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Scientific Progress

Foreword

“Inattentional blindness” is a lack of attention to an event, of which one by-product is not seeing that event. Not noticing events
is a cause of mistakes such as letting a person with weapon slip through airport security, not hearing a siren when driving
conditions are complicated by fog, or not seeing explosives on a truck crossing the border. Mitigating mistakes from
inattentional blindness therefore would be helpful to individuals as well as for national security.

Two papers resulted from our inquiry into inattentional blindness in the domain of security. We have written a methods paper
(“How can we measure and correct for inattentional blindness to lessen human mistakes?”) that postulates an approach to
inattentional blindness more consonant with human attention than many of those common in laboratory testing, and a findings
paper (“Computer simulations can lessen inattentional blindness”) that discusses results of our inattentional blindness
experiment and proposes a system to lessen inattentional blindness in the workplace.

Findings from this paper lend insight into why current threat image projection software used in airport screening is not effective.
We suggest what to do to improve its effectiveness, postulate related lines of software for building security and for the medical
domain intended to lower “overlook” mistakes due to inattentional blindness.

lllustrations list
Table: “Hypotheses and Findings” based on the findings paper

Problems studied

We studied the effects and interactions of an array of factors to determine whether they affect inattentional blindness.
Addressed in the methods paper:

(1) How can we test for inattentional blindness with an experiment of a duration that allows for natural human attention
fluctuation?

(2) Can we create a system (in the security domain) that allows us to measure inattentional blindness?

(3) Inalaboratory setting, is it necessary to mask the ‘inattentional blindness’ search object or event by not telling participants
what they ought to be looking for?

Addressed in the findings paper:

(4) Are we able to bring an event from transient into working memory to make it “reportable” by increasing the event
frequency?

(5) Does increasing the frequency of surprise events

a. decrease the level of inattentional blindness toward similar surprise events?

b. increase the level of false positives in surprise event detection?

c. affect the performance at the task the occupies the main attention?

(6) Is inattentional blindness affected by gender or age?

(7) Is inattentional blindness affected by factors that affect attention generally, such as lack of sleep, or by factors that affect
vision generally such as screen location?

(8) Are people aware of their level of inattentional blindness, or does perception differ substantially from their level of
inattentional blindness as reflected by their performance?

Important accomplishments

Paper_1: Methods

Inattentional blindness in the field and inattentional blindness testing

The prevailing method resembles vision testing in that experiments that are short, one-trial instances which either the
participant sees or not. Inattentional blindness however, is about attention, and it fact, it has been found to confound the sense
of hearing as well as vision). Attention fluctuates regardless of whether the person knows what he should be looking for or not.
We know this from accounts of inattentional blindness in a professional setting, whether it is airport screeners checking
travellers’ luggage for explosive materials (Hallinan, 2009), or looking at the road when driving and not seeing (Hallinan, 2009),
or determining what drugs should be administered to patients (Watson, 2010).

Our method for testing inattentional blindness is novel in that it of two-hours in duration, includes numerous instances of
inattentional blindness, and alerts participants as to the nature of the secondary identification task (subject to inattentional
blindness) as well as the nature of the primary task. This method for testing resembles in the field instances of inattentional
blindness, making our results potentially valid in a real-world setting.

Novel system and instrument to test for inattentional blindness

We created an instrument for testing inattentional blindness in the security domain with the support of a Berkman Faculty
Development grant. That instrument resembles state-of-the-art surveillance systems in its four-quadrant color layout with many
building angles that change every few minutes. We hired actors and videotaped day-to-day hallway activities, interspersed with



behaviors defined by the U.S. Department of Homeland Security as “suspicious”. The security videos come in three levels of
numbers of surprise events. The videos are edited to be the same in almost all detail except the number of surprise and
threatening events.

We created a “count and call” input system that allows the participants’ responses to be recorded. The system uses a
keyboard tap to record hat-sitings as the primary task, and a mouse click to record threat-sitings as the secondary task. For the
experiment, participants were asked to consider themselves to be Building Guards, monitoring hallways during a two hour shift.
They were asked primarily to respond to people wearing hats, and remember the look of the hats and where in the building the
hat people were. Secondarily, and subject to inattentional blindness, was their task of spotting the suspicious behaviors we call
threats. During the experiment, the system compares the hat and threat inputs from participants to a master index to record
whether the participant spotted that hat or threat in the right quadrant at the right time, or not at all.

We ran the threat-spotting as a separate experiment without a main task, to compare to the threat-spotting when it is secondary
to another main task. We found that participants identification of threats was greater when it was the only task than when it was
the secondary task, thereby demonstrating the construct validity of the instrument and the experimental method.

Contributions

Contributions of this paper are the presentation of cognitively sound method to inattentional blindness which is likely to be valid
in a workplace setting, and the availability of our set of inattentional blindness test instruments to the scientific community for
continued testing.

Paper_2: Findings

Science

In brief, an event subject to inattentional blindness might be seen but not remembered. One hypothesis is that we can
encourage an object or event to be remembered by increasing its frequency of occurrence, or prevalence. This hypothesis has
been found by other researchers to be correct (White and Davies 2008), (Wolfe et al, 2005).

Review of the experiment

The hypothesis that increasing rare event frequency improves event spotting has not been tested over a long period of time
(our experiment is 2 hours) so that it can modulate to human attention. The primary task is to remember hats people wear and
the activities and location in the building of the hat-wearers, as well as to count hat-wearers. The secondary task subject to
inattentional blindness is spot suspicious behaviors, or threats.

We ran extensive pilot testing to polish the call and count system, the instrument, and the instructions protocol, as well as the
exit questions. The actual experiment had 108 participants divided randomly with 36 in group A, 36 in group B, and 36 in
group C. 18 of the 36 people in each group were asked to write Incident Reports for each surprise event noticed. The
experiment thus had a 3 x 2 factorial design. The groups differed by the number of surprise events they experienced. Group A
was the control group with 2 threats, group B had 9 threats—two from A and 7 new ones; and C had 25—the 9 from B and 16
new ones.

Findings

We found that inattentional blindness dropped between the control group and the group with the maximum number of surprise
events, although at the same time, the performance at the main task dropped somewhat. We found that additional thought time
allotted to each surprise event, as in our Incident Report writing, did not lower inattentional blindness. Our hypothesis findings
are summarized in the result table.

We found that, over the two hours of the experiment, attention waned somewhat, and performance dropped somewhat,
probably in consequence. We found that the amount of sleep participants had the night before the experiment did not correlate
with their performance. Although it has been shown that sleep affects attention and in fact, decision-making has been shown
to drop as a consequence (Fraser et al 2013), we did not find this effect after a single night of poor sleep.

We did not find a correlation between age or gender and inattentional blindness level. However, we did find a correlation
between inattentional blindness and the location of primary and secondary events on the viewing monitor.

We found that participants’ perception of their own attention levels did not correspond to their actual attention levels as
demonstrated by their performance. Although participants had a sense of whether their attention level was high or low, their

perception turned into numbers and scaled to their performance score did not correlate highly.

Some limitations



Statistically, in cases where there is no effect or where the effect is quite large, the size of the sample is less important than in
cases where there is an effect, but that effect is small. The effect might increase were the number of simulated rare events to
increase, but this awaits further experimentation.

Remarks on threat image projection software

This approach of projecting simulated threat images onto actual luggage to rare awareness of potential actual threats has been
implemented in airport security for several years. The effectiveness of this Threat Image Projection software on screener error
has been shown to decline after some months of use, such that covert tests of actual threats were not affected. It is believed
that the reason the software becomes ineffective is that threat images are missed because of recognition error rather than
attention error, and so if the screeners have better training about what images to expect, the error will go away. Further, itis
believed that actual threats are missed by screeners because they have not been seen in simulations, so again, the proposed
solution is that the image library of simulated threats should be widened [Schwaninger et al. 2007], [Cutler and Paddock, 2009].

We believe based on our experiment that the reason the threat image projection software becomes less effective over time is
that images should be projected far more frequently, and at more random intervals (sometimes close in time and space).
Introducing foils, or non-threats, encourages screeners to examine what is projected so that any simulated image would need to
be examined carefully. Shorter shifts would also improve threat detection, as we have shown that a person’s accuracy
declines over a period of a few hours.

Towards effective inattentional blindness reduction

Even fewer mistakes would be made if we could set up viewing redundancy. The person examining the monitor need not be
on site. Two or more people could simultaneously watch the same monitor, and their independent responses could serve to
verify each other. It would be more likely that their individual judgments were correct if they delivered the same response. But
if their responses disagreed, an immediate warning could be sent to both to look again, or to the on site person to examine the
actual situation more carefully.

Generalizability
The four-panel subdivision of the screen might be equivalent to the use of four separate screens. The difference is that
multiple monitors will require more head movement on the part of the user than the subdivided screen in this experiment.

We can generalize the simulation of threats overlying actual data to other domains because the same attention and inattention
principles hold. For the medical domain, for example, say that the rare events simulated are tumors. One implementation
option would be that simulated tumor slides resembling but not identical to those found in patients would be interspersed
randomly among actual patient slides. Thousands of malignancy images could be generated automatically, so that the doctor
would not recognize the actual slide, but would recognize only the malignancy. A pathologist or cytologist in cancer screening
would not know which slides would not be associated with actual patients until he responded. Responses to these simulated
tumors would heighten awareness for actual tumors, so that actual tumors would be less likely to be overlooked.

Future work

Particularly relevant to our research would be to continue experiments to determine the optimal frequency that the surprise
events should be sprinkled into a work protocol (whether hourly or daily, for example), to lessen mistakes. Other conditions
might be tried in addition to the increased frequency of events, such as psychological or financial incentives.

Bibliography

ALDRIDGE, S., STOYEN, A., HICKS, J. and PETROV, P. 2003. Decision Support and Visualization in a Space Situational
Awareness C2 Application. 21st Century Systems, Inc. [14 p.]. Retrieved April 21, 2013 from
http://www.dodccrp.org/events/8th_ICCRTS/pdf/115.pdf

ASPLUND, C.L., TODD, J.J., SNYDER, A.P., GILBERT,C.M., and MAROIS, R. 2010. Surprise-induced blindness: A
stimulus-driven attentional limit to conscious perception. Journal of Experimental Psychology: Human Perception and

Performance. 36 (6), 1372-1381. DOI: 10.1037/a0020551

Von BASTIAN, C.C., SCHWANINGER, A., MICHEL, S. 2010. Color impact on security screening. |IEEE Aerospace and
Electronic Systems Magazine 25(10), 33-38, DOI: 10.1109/MAES.2010.5631724

BIGGS, A.T., CAIN, M.S., CLARK, K., DARLING, E.F., MITROFF, S.R. (in press). Assessing visual search performance
differences between Transportation Security Administration Officers and non-professional visual searchers. Visual Cognition

BISHOP, S. J. 2009. Trait anxiety and impoverished prefrontal control of attention. Nature neuroscience 12 (1), 92—-98.



BRADSHAW, G. L. and ANDERSON, J. R. 1982. Elaborative encoding as an explanation of levels of processing. Journal of
Verbal Learning and Verbal Behavior. 21(2), 165-174.

CAIN, M.S., VUL, E., CLARK, K. and MITROFF, S.R. 2012. A Bayesian optimal foraging model of human visual search.
Psychological Science OnlineFirst, August 6, 2012, DOI: 10.1177/0956797612440460

CARTWRIGHT-FINCH, U. and LAVIE, N. 2007. The role of perceptual load in inattentional blindness. Cognition 102 (2007),
321-340. DOI 10.1016/j.cognition.2006.01.002

CISEK, P., PUSKAS, G.A., and EL-MURR, S. 2009. Decisions in changing conditions: the urgency-gating model. Journal of
Neuroscience, 29 (37), 11560-11571. doi:10.1523/JNEUROSCI.1844-09.2009

CUTLER, V. AND PADDOCK, S. 2009. Use of threat image projection (TIP) to enhance security performance. 43rd
International Carnahan Conference on Security Technology, 5-8 October 2009, 46-51. DOI: 10.1109/CCST.2009.5335565

DEHAENE, S. and CHANGEUX, J-P. 2005. Assessing consciousness: Of vigilance and distractedness. PLoS Biology, 3 (5),
910-927.

DIVITA, J., OBERMAYER, R., NUGENT, W, LINVILLE, and J. M. 2004. Verification of the change blindness phenomenon
while managing critical events on a combat information display. Human Factors 46 (2), 205-218.

DOWD, E.W., and MITROFF, S.R. 2013. Attentional guidance by working memory overrides salience cues in visual search.
Journal of Experimental Psychology: Human Perception and Performance, online publication ahead of print. DOI:
10.1037/a0032548 Retrieved April 18, 2013 from http://people.duke.edu/~mitroff/papers/13_DowdMitroff JEPHPP.pdf

DREW, T., VO, M. L., and WOLFE, J. M. in press. The invisible gorilla strikes again: Sustained inattentional blindness in expert
observers. Psychological Science, in press.

DURLACH, PJ. 2004. Army digital systems and vulnerability to change blindness. Army Research Institute, Orlando FL,
Institute for Behavioral and Social Sciences, [9p] http://handle.dtic.mil/100.2/ADA433072

EVANS, K., COHEN, M. A., TAMBOURET, R., HOROWITZ, T. KREINDEL, E. and WOLFE, J. M. 2010. Does visual expertise
improve visual recognition memory? Attention, Perception and Psychophysics. [6 p.]

EVANS, K.K., TAMBOURET, R.H., EVERED, A., WILBUR, D.C., and WOLFE, J.M 2011. Prevalence of abnormalities
influences cytologists’ error rates in screening for cervical cancer. Archives of Pathology and Laboratory Medicine. 135 (12),
1557-60.

FOLK, C.L, REMINGTON, R. W., and JOHNSTON, J. C. 1992. Involuntary covert orienting is contingent upon attentional
control settings. Journal of Experimental Psychology: Human Perception and Performance 18, 1030-1044.

FRASER M, CONDUIT R, and PHILLIPS JG. 2013. Effects of sleep deprivation on decisional support utilisation. Ergonomics.
56 (2), 235-45.

FUSSER, F., LINDEN, D.E., RAHM, B., HAMPEL, H. HAENSCHEL C., and MAYER, J.S. 2011. Common capacity-limited
neural mechanisms of selective attention and spatial working memory encoding. European Journal of Neuroscience. Vol.22,
epub not yet in print.

GELERNTER, J. 2013. How can we measure and correct for inattentional blindness? Technical Report, School of Computer
Science, Carnegie Mellon University.

GREEN, M. 2004. “Inattentional blindness” and conspicuity. Retrieved August 18, 2009 from
http://www.visualexpert.com/Resources/inattentionalblindness.html

JIANG, Y., XIAO, N. and ZHANG, L 2006. Construction of an affective model for attention shift: the KEPA model. International
Conference on Computational Intelligence and Security, Guangzhou, 1, 540-543.

LAMME, V.A.F. 2004. Separate neural definitions of visual consciousness and visual attention; a case for phenomenal
awareness. Neural Networks 17, 861-72.



LI, Q., and GENG, H. 2009. Progress in cognitive neuroscientific studies of visual awareness Progress in Natural Science 19,
145-152

KLOTZ, W., and ANSORGE, U. 2007. Preceding stimulus awareness augments offset-evoked potentials: Evidence from
motion-induced blindness. Psychological Research 71: 694—702. DOI 10.1007/s00426-006-0058-2

MACDONALD, J. S. P, and LAVIE, N. 2008. Load induced blindness. Journal of Experimental Psychology: Human Perception
and Performance. 34 (5), 1078-1091. DOI: 10.1037/0096-1523.34.5.1078

MACK, A. 2003. Inattentional Blindness: Looking without seeing. Current Directions in Psychological Science, 12(5), 180-184.
MACK, A., and ROCK, I. 1998. Inattentional blindness. Cambridge, MA: MIT Press.

MACLEAN, K.A., AICHELE, S. R., BRIDWELL, D.A., MAGUN, G. P., WOJCIULIK, E., and SARON, C.D. 2009. Interactions
between endogenous and exogenous attention during vigilance. Attention Perception & Psychophysics 71(5), 1042—-1058.

MEGHERSBI, N., BRECKON, T.P., FLITTON, G.T., MOUTON, A. 2012. Fully automatic 3D threat image projection: application
to densely cluttered 3D computed tomography baggage images. Third International Conference on Image Processing Theory,
Tools and Applications (IPTA), 15-18 Oct. 2012 153 — 159.

MATSUYOSHI, D., IKEDA, T., SAWAMOTOD, N., and KAKIGIB, N. 2010. Task-irrelevant memory load induces inattentional
blindness without temporo-parietal suppression. Neuropsychologia 48 (2010), 3094-3101.

MEMMERT, D. 2006. The effects of eye movements, age, and expertise on inattentional blindness. Conscious Cognition. 15
(3), 620-627. DOI: 10.1016/j.concog.2010.01.001

MOSK, M., HILL, A. and FLEMING, T. 2010. Gaping Holes in Airline Security: Loaded Gun Slips Past TSA Screeners Secret
Tests At LAX, O'Hare, Newark Show TSA Screeners Missed Guns, Bombs. ABC World News.

MOST, S. B., and ASTUR, R. S. 2007. Feature-based attentional set as a cause of traffic accidents. Visual Cognition, 15 (2),
125-132.

MOST, S. B., SCHOLL, B. J., CLIFFORD, E. R., and SIMONS, D. L. 2005. What you see is what you set: Sustained
inattentional blindness and capture of awareness. Psychological Review 112 (1), 217-242. DOI:
10.1037/0033-295X.112.1.217

NIELSON, J. and PERNICE, K. 2010. Eyetracking web usability. Berkeley, California: Nielsen Norman Group.

NEIL, D., THOMAS, N, and BAKER, B. 2007. Threat image projection in CCTV. 41st Annual IEEE International Carnahan
Conference on Security Technology, 272-280. DOI 10.1109/CCST.2007.4373500

PESSOA, L. 2009. How do emotion and motivation direct executive control? Trends in Cognitive Sciences 13(4), 160—166.

POTTER, M. C. 1999. Understanding sentences and scenes: The role of conceptual short-term memory. In V. Coltheart (Ed.)
Fleeting Memories (pp. 13—46). Cambridge, MA: The MIT Press.

REES, G., RUSSELL, C., FRITH, C. D., and DRIVER, J. 1999. Inattentional blindness versus inattentional amnesia for fixated
but ignored words. Science 286 (5449), 2504—-2507.

RICHARDS, A., HANNON, E.M. and VITKOVITCH, M. 2012. Distracted by distractors: Eye movements in a dynamic
inattentional blindness task. Consciousness and Cognition 21 (2012): 170-176. DOI: 10.1016/j.concog.2011.09.013

RODA, C. and THOMAS, J. 2006. Attention Aware Systems: Theory, Application, and Research Agenda. Computers in Human
Behavior," Computers in Human Behavior. 22, 557-587.

SCHMUCKLER, M. A. 2001. What Is Ecological Validity? A Dimensional Analysis. Infancy 2(4), 419-436.

SCHWANINGER, A, HOFER, F., WETTER, O.E. 2007. Adaptive computer-based training increases on the job performance of
x-ray screeners. 41st Annual IEEE Carnahan Conference on Security Technology, October 8-11, 2007, 117-124.

SCHWANINGER, A. 2006. Threat image projection: enhancing performance AviationSecuritylnternational, 36—41



Retrieved April 18, 2013 from http://www.casra.ch/uploads/tx_tvpublications/Schwaninger2006c.pdf

SCOTT, BROWN, K. C., CRONIN, P.D.J. 2008. Detect the unexpected: a science for surveillance. Policing—An International
Journal of Police Strategies and Management. 31(3), 395-414.

SIMONS, D. J. AND CHABRIS, C.F. 1999. Gorillas in our midst: sustained inattentional blindness for dynamic events
Perception, 28, 1059-1074.

SIMONS, D. J. AND JENSEN, M. S. 2009. The effects of individual differences and task difficulty on inattentional blindness
Psychonomic Bulletin & Review, 16 (2), 398-403. DOI: 10.3758/PBR.16.2.398

SINNETT, S., COSTA, A. and SOTO-FARACO, S. 2006. Manipulating inattentional blindness within and across sensory
modalities. Quarterly Journal of Experimental Psychology (Colchester) 59(8), 1425-1442.

ST. JOHN, M. and RISSER, M. R. 2008. Closed-loop attention management. Using augmented cognition to sustain vigilance.
In proceedings of the 26th Army Science Conference. Washington, DC., Office of the Assistant Secretary of the Army for
Acquisition, Logistics and Technology. [7 p.]

STAAL, M. A. 2004. Stress, Cognition, and Human Performance: A Literature Review and Conceptual Framework. NASA
Ames Research Center. Retrieved April 21, 2013 from
http://hsi.arc.nasa.gov/publications/20051028105746_|H-054%20Staal.pdf

SUMMERS, MATHEW J. 2006. Increased inattentional blindness in severe traumatic brain injury: Evidence for reduced
distractibility? Brain Injury 2006, 20 (1), 51-60. DOI: 10.1080/02699050500309742

WAYAND, J.F., LEVIN, D.T., and VARAKIN, D.A. 2005. Inattentional blindness for a noxious multimodal stimulus. American
Journal of Psychology. 118 (3), 339-352.

WHITE, R. C., and DAVIES, A. A. 2008. Attention set for number: Expectation and perceptual load in inattentional blindness.
Journal of Experimental Psychology: Human Perception and Performance 34 (5), 1092-1107. DOI:
10.1037/0096-1523.34.5.1092

WICKENS, C. D. and MCCARLEY, J. S. 2008. Applied attention theory. Boca Raton: CRC Press.

WOLFE, J.M. 1999. Inattentional amnesia. In V. Coltheart (Ed.) Fleeting memories. (pp.71-94.) Cambridge: the MIT Press.

WOLFE, J.M., HOROWITZ, T.S. and KENNER, N.M. 2005. Cognitive psychology: Rare items often missed in visual searches
Nature 435, 439-440.

Technology Transfer



Sample

Independent variable Dependent variable Correlation? size
Y, statistically
Error rate (as number | significant
Increasing number of misses of surprise between groups
surprise events events) Aand C 108
Increasing amount of
thought time per surprise | Error rate (as number
event as number of of misses of surprise
threats increase events) N 108
Number of false
Increasing the number of | positives in surprise
surprise events event detection N 108
Error rate as number
Increasing the number of | of misses in main Y, statistically
surprise events event detection significant 108




